Follow this and additional works at: https://uknowledge.uky.edu/rehabsci_facpub Abstract. BACKGROUND PURPOSE: Scapular muscle performance is potentially influenced by arm dominance. The purpose of this study was to investigate the effect of arm dominance on clinical measures of scapulohumeral muscle strength and endurance. METHODS: Thirty-two healthy individuals between the ages of 30 and 65 years were recruited to participate. Scapular muscle strength of the upper trapezius (UT), middle trapezius (MT), lower trapezius (LT), and serratus anterior (SA) were recorded with a hand held dynamometer. One scapulohumeral isometric muscle endurance task was performed in prone. The order of testing (strength and endurance) was randomized for each individual. Dominant to non-dominant strength and endurance measures were compared with paired t-tests. RESULTS: Arm dominance was significantly higher for UT strength (p < 0.001) and endurance (p = 0.015). However, the differences between the dominant and non-dominant limbs were not beyond minimal detectable change values. CONCLUSION: It does not appear that scapulohumeral muscle strength and endurance is clinically different for the dominant and non-dominant limbs in a middle age healthy population.
Introduction
Alterations in scapular kinematics, muscle activity, and muscle strength have been associated with a number of upper extremity dysfunctions [1] [2] [3] [4] . In addition, upper extremity functional activities like hand writing, feeding, grooming, reaching overhead, and throwing appear to require scapular muscle activation [5, 6] . Therefore, a thorough assessment of scapular muscle parameters is potentially important in treating associated impairments and restoring function of the upper extremity.
There have been many reported techniques for assessing scapular muscle parameters including evaluation of scapular kinematics [7] , scapular muscle electromyography (EMG) [8, 9] , scapular muscle strength testing with a hand held dynamometer (HHD) [10] [11] [12] , and sustained isometric upper extremity muscle endurance testing targeting the scapular muscles [11, 13] . Clinically, tools for measuring scapular kinematics and EMG activity are time intensive and expensive, whereas measures of scapular muscle strength and endurance may be more easily performed by clinicians. In addition, studies using a HHD have demonstrated good inter rater reliability and the HHD has demonstrated good sensitivity in detecting differences between patients with shoulder pathologies and healthy controls [10, 14] In the literature, scapular muscle strength and endurance are typically assessed in the population of interest and then compared to a matched control group [3, 13, 15] . However, clinicians often compare values obtained on a patient's involved limb to the uninvolved limb, thus making the assumption that there is symmetry between sides in healthy individuals. To that end, empirical evidence suggests that arm dominance might be a confounding factor when making an involved to uninvolved upper extremity strength comparison in patients. The dominant upper extremity has been found to be stronger during grip and elbow strength testing in a healthy population [16, 17] . More closely related to the scapula, multiple studies have found that arm dominance does not affect shoulder strength or strength ratios in several planes of motion [18] [19] [20] . Alternatively, two studies found increased shoulder external-internal rotation isokinetic strength ratios in the dominant arm [21, 22] . Although the literature is inconsistent, it cannot be assumed that arm dominance does not influence limb to limb comparisons in patients.
Scapular muscle strength has been shown to be influenced by activity level of the individual. Individuals with increased overhead activity levels demonstrated increased upper trapezius (UT), serratus anterior (SA), and middle trapezius (MT) strength compared to individuals who rated themselves as less active [12] . The only exception to this difference was the lower trapezius (LT) as the strength was equal between both groups [12] . It is reasonable to assume that the dominant limb is more frequently used in daily activities compared to the non-dominant limb; therefore this data suggests there may be increased UT, SA, and MT strength in the dominant limb compared to the non-dominant limb. However, no studies have directly investigated the effects of arm dominance on scapular muscle strength or endurance in healthy individuals [12] .
The purpose of this study was to investigate the effect of arm dominance on scapular muscle strength, measured with a HHD, and scapular muscle endurance in healthy individuals. The researchers hypothesize that healthy individuals will demonstrate significantly higher dominant muscle strength for their SA, MT, and UT but no difference for the LT compared to the non-dominant arm. The authors hypothesize that the dominant arm will demonstrate longer static, scapular muscle endurance times compared to the nondominant arm.
Methods

Experimental approach to the problem
A cross sectional study design was used to investigate the difference in scapular muscle strength between the dominant and non-dominant limbs in healthy individuals. More specifically, a HHD was used to investigate strength of the UT, LT, MT, and SA muscles using previously established methods [10] .
In addition to acting as mobilizers, scapular muscles are thought to act as stabilizers [23] . Therefore a static endurance test was also chosen as an assessment for static stabilization. Little has been published on assessing scapular muscle endurance, however, a common method to assess stabilizing musculature in the lumbar spine is a sustained isometric time to fatigue task [24] . For the purpose of this study, a sustained isometric hold in the prone position with the arm abducted to 135 • was chosen because this position is known to activate a variety of scapular muscles [8, 25, 26] . The sustained isometric time to fatigue task was modified from 90 • of abduction, reported by Johnson et al., to 135 • of abduction for this study [13] .
Participants
It was determined, a priori, that a sample size of 32 participants would provide over 90% power to our study to detect a minimal difference of 3.6 kg (35.32 N) . Therefore, sample of 32 healthy volunteers (mean age = 44.4 ± 9.78 years and mean BMI = 24.86 ± 4.12 kg/m 2 ) were recruited from the Central KY area. Participants were recruited by email, flyers, and word of mouth. To be included in the study, participants had to be between the ages of 30 and 65 years and demonstrate the ability to tolerate and maintain the instructed test positions. (This age range was chosen because the methodology used for scapular muscle strength assessment was replicated from a previous study that included patients with a mean age of 43 years [10] . Participants were excluded from the study if they reported current or history of (less than 6 months) upper quarter musculoskeletal condition, had surgery in the last 6 months on the trunk or upper quarter, or reported a disability score of greater than 10% as measured by the Quick version of the Disability of the Arm, Shoulder, and Hand (QuickDASH) questionnaire [27] .
Procedure
For descriptive purposes, all participants completed a demographic questionnaire which included shoulder activity levels (SAL) [28] and occupational physical demand level as measured by the Dictionary of Occupational Titles [29] . The SAL questionnaire has been shown to be a reliable and valid tool for assessing self-reported activity levels [28] .
All dependent variables were collected and analyzed by the primary investigator. A 5 minute rest period was given to the patients after each group of dependent variables were measured to allow time for muscle fatigue recovery [30] .
The order for scapular muscle measurements were randomized (HHD testing and endurance testing). The order for strength testing (targeted muscle -UT, MT, LT, and SA) and the first limb tested (dominant versus non-dominant) was also randomized using Microsoft Excel 2007. For the purpose of calculating intra-rater reliability for the endurance task only, 12/32 participants agreed to return one week later so that a second measure of endurance could be collected. In order to minimize the effect muscle training on endurance between visits, all participants returning for a second endurance test were asked to resume their normal activity levels between testing periods.
Hand Held Dynamometer Manual Muscle Test-
ing. A Lafayette (Nicholas) Microfet HHD (Lafayette, IN) USA was used to record force production of the patient. The procedure used to measure scapular muscle strength was adapted from a previous study that reported good between day intra rater reliability for scapular dynamometer strength measurements (ICCs 0.75 to 0.97) [10] . Three maximum voluntary contractions (MVCs) for both the dominant and non-dominant sides were recorded. The investigator instructed the patient to push into the dynamometer with their maximum effort, holding for a 5 second duration. Participants were instructed to slowly build up their force production to their maximum force before the end of the 5 seconds. The MVC was recorded by the assessor. An attempt was made to isolate the following muscles.
• Upper Trapezius -While the patient was in a seated position, the dynamometer was placed on the superior aspect of the scapula, proximal to the acromion. The patient was asked to elevate his/her shoulder against resistance as shown in Fig. 1 [10] .
• Serratus Anterior -The patient was positioned supine with the shoulder and elbow flexed to 90 • . The dynamometer was placed on the olecranon of the elbow and resistance was given along the humeral axis. The therapist positioned themselves as shown in Fig. 2 [10].
• Middle Trapezius -The patient was positioned prone with the elbow extended and shoulder held to 90 • abduction. The dynamometer was placed on the spine of the scapula, in between the acromion and the medial superior border of the scapula. The subject was instructed to lift his/her arm upward, while resistance with the dynamometer was being applied in the lateral direction. The assessor positioned themselves as shown in Fig. 3 [10] . • Lower Trapezius -Subject was positioned prone with arm extended and shoulder held to 135 • of abduction. The dynamometer was placed in the middle line of the scapula, in between the acromion and the medial superior border of the scapula. While the patient lifted his/her arm upward, resistance with the dynamometer was applied in the lateral and superior direction. The assessor positioned themselves as shown in Fig. 4 [10].
Scapulohumeral Muscle Endurance Testing.
Lying prone, the subject's shoulder was passively positioned to 135 • of shoulder abduction with arm parallel to the trunk. A load representing 1% of body weight (rounded to nearest .5lbs) was strapped just superior to the elbow. During pilot testing, a weight 1% of the patient's body weight was found to elicit fatigue at approximately 90 seconds on most individuals. A target, comprised of a vice grip (QUICK-GRIP ® ) attached to a free standing PVC pipe was positioned at a height parallel to the trunk and at 135 • of shoulder abduction. The subject was then asked to elevate and hold their arm to the established level for as long possible. The test was terminated when the subject voluntarily lowered their upper extremity or if the subject's distal radius was no longer contacting the level [11, 13] (Fig. 5) .
Statistical analyses
Reliability
Analysis was performed using Statistical Program for the Social Sciences (SPSS) version 20. Type A intraclass correlation coefficients (ICCs) along with their 95% confidence intervals were used to compare the test retest reliability for all strength measures and endurance for both the dominant and non-dominant limb. ICCs (3,3) for strength were calculated within day, whereas endurance ICCs (3,1) were between day. The standard error of the measure (SEM) and minimal detectable change scores (MDC) were also calculated. 
Scapular muscle measures in dominant and
non-dominant limbs It was determined that a sample size of 32 participants would provide 91% power to detect a minimal difference of 3.6 kg (35.32 N) assuming a common standard deviation of 6.0 kg (58.86 N) with an alpha value of 0.05. The minimal difference and standard deviation values were chosen from a previous study reporting SA HHD force values [10] . Prior to data analysis, Kolmogorov-Smirnov tests for normality and Q-Q Plots confirmed that our data was normally distributed. Therefore, separate paired t tests were used to assess the difference in strength between the dominant and non-dominant limbs for the UT, SA, MT, and LT. The mean values used to compare sides were the average of the 3 trials taken for each muscle. Separate paired t tests were also used to assess the differences in endurance times between the dominant and non-dominant limbs. The level of significance was set a priori at p < 0.05.
Results
Descriptive analysis with means and standard deviations are provided in Table 1 .
Reliability
Within day ICCs, SEM, and MDC for each of the hand held dynamometer strength tests are presented in Table 2 . The intra-session reliabilities (ICC >0.85) were good for all muscles being tested with the HHD [31] . Between day ICCs, SEM, and MDC for the endurance test are presented in Table 3 . The inter-session endurance reliabilities (ICC = 0.91) were excellent for both limbs [31] . Abbreviations: N = Newtons, ICC = intraclass correlation coefficient, SEM = standard error of the measure, MDC 90 = 90% boundary limit for the minimal detectable change. N = 32. Table 3 Between day reliability for the scapular muscle endurance test Abbreviations: s = seconds, ICC = intraclass correlation coefficient, SEM = standard error of the measure, MDC 90 = 90% boundary limit for the minimal detectable change. N = 12.
Dominant to non-dominant comparisons
There was a statistically significant increase in average peak force values on the dominant side for the UT (p≤ 0.001) when compared to the non-dominant limb. However, the differences in average peak force values between the dominant and non-dominant limbs were not beyond the MDC 90 reported in Table 2 . There were no statistically significant differences in SA (p = 0.052), LT (p = 0.759) or MT (p = 0.08) peak force values when comparing the dominant to non-dominant limbs (Fig. 6) .
For the endurance measures, there was a statistically significant increase in timed endurance (p = 0.015) for the dominant limb (mean = 87.41 ± 34.38 s) compared to the non-dominant limb (mean = 78.53 ± 36.38 s). Similar to peak force value results, the average difference between limbs was not beyond measurement error.
Discussion
Our hypotheses were partially confirmed as we found significantly higher dominant limb UT strength and scapulohumeral muscle endurance but no significant difference in SA, LT or MT strength. Although there was a statistically significant increase in UT strength and scapulohumeral muscle endurance for the dominant limb compared to the non-dominant limb, the differences were small and do not exceed the measurement error of our technique. Therefore, the results do not appear to be clinically meaningful.
Strength with a HHD
Our results add to the limited body of knowledge for the influence of arm dominance on scapular muscle strength. Cools and others investigated the effect of dominance on isometric scapular muscle strength in elite tennis players [32] . Unlike our study, resistance was applied to the distal upper extremity for testing the SA, LT, and MT. Cools and others also found a significant increase in UT and SA strength for the dominant compared to the non-dominant limb but no differences for the LT and MT [32] . Unlike our study, Cools and others found a significant increase in strength in the dominant SA [32] . The patient population and the technique for applying resistance could account for the different results when comparing our study to Cools [32] . For example, in our study, only half the population chosen were considered to have a high shoulder activity level, whereas elite tennis players in the Cools study would all seemingly report high shoulder activity levels. In direct contrast to our findings, another study found higher protraction isokinetic strength on the nondominant side in elite gymnasts [33] . However, caution should be exercised when comparing our results to the aforementioned study because it is difficult to compare isometric to isokinetic results.
The statistically significant increased strength values for the dominant UT did not exceed the MDC value. As a result, the mean difference between dominant and non-dominant UT strength do not appear to be clinically meaningful because the differences did not exceed the calculated measurement error. For example, the dominant UT was nearly 18 N stronger on average than the non-dominant limb and was considered to be statistically significant. However, the MDC values calculated for the UT indicates that an approximate 30 N change was needed to exceed measurement error of the technique. Overall, arm dominance does not need to be considered when screening scapular muscle strength in healthy individuals of the same population.
Caution should be exercised in making a broad interpretation of our results. It is possible that the influence of dominance on scapular muscle strength could be more pronounced in healthy individuals that routinely perform higher levels of shoulder activity. For example, in a general population of healthy individuals, it has been demonstrated that there are no differences in shoulder rotation strength when comparing the dominant to non-dominant limb [18] [19] [20] 34] . On the contrary, a number of studies looking at specific athletic populations have found increased shoulder and scapular muscle strength for the dominant compared to the non-dominant arms [17, 21, 22, 32, 34] . According to these studies, the differences in strength between the dominant and non-dominant limb, for several tested motions, exceeded a 10% difference. In reviewing our data, it appears that a difference of approximately 10% would be needed to meet MDC values for the muscles tested. Therefore, populations of individuals that consistently perform high level upper extremity tasks, such as overhead athletes, may develop motor adaptations that result in meaningful increased strength of the dominant limb.
Future studies are needed to investigate dominant and non-dominant scapular muscle strength in a larger population of individuals stratified into groups of shoulder activity levels using the previously described SAL. This will provide a more complete normative database to allow clinicians to make accurate and meaningful interpretations of patient's scapular muscle strength.
Scapulohumeral muscle endurance
The ability to clinically measure scapulohumeral endurance has been reported in the literature yet the reliability and measurement error has yet to be investigated [11, 13] . Because we found the described endurance test to be reliable between days, this test has the potential to be used as a clinical assessment tool. In addition, this was the first study to report a minimal detectable change (MDC) for a sustained scapulohumeral isometric endurance test. To that end, a change of 25 seconds was determined to be the MDC needed to reflect a true change of an individual's endurance time. Similar to our findings with UT strength, there was a significant increase in scapulohumeral muscle endurance for the dominant limb but the differences were well below measurement error. Therefore, it does not appear that dominance plays a meaningful factor in scapulohumeral muscle endurance for this population.
Clinical interpretation of our endurance results should be performed cautiously. Upon closer look at the reliability results for endurance, it appears that a learning effect may be occurring between the first and second testing session. For example the mean endurance time increased from day 1 to day 2, approximately 10 seconds, independent of the limb being tested. As suggested from a similar studies testing isometric trunk endurance, multiple trials may be needed before a true baseline measure is obtained [35] . In addition, the endurance MDC may be inflated and would most likely diminish in our study if the ICCs were taken on the second and third trial of testing.
In addition to considering a learning effect, muscular compensation during the endurance test should also be considered when interpreting the results. Although the position is known to produce high levels of EMG activity in the LT, a strong influence of the UT and other posterior shoulder muscles cannot be ruled out [8, 25, 26] . In the current study, monitoring of the UT was performed by the evaluator, but compensations were difficult to detect. Therefore, it is possible that the endurance results were influenced by the UT.
Future studies are needed to investigate the limitations of the described scapulohumeral muscle endurance test. Most importantly, the validity of the test should be investigated by concurrently measuring EMG activity of the posterior shoulder and scapulothoracic muscles. It would also be interesting to quantify compensations through EMG analysis during the endurance test.
Limitations
There are two important limitations to this study that should be recognized when interpreting the data. The limb being tested was not blinded by the investigator and thus could result in potential investigator bias of the results. Because the researcher's general hypothesis was that the dominant limb would be statistically stronger and demonstrate longer endurance compared to the non-dominant limb, it is possible that the mean dominant limb values were slightly inflated or that the mean non-dominant limbs values were slightly lower. Nevertheless, as stated earlier, the difference in outcome measures between limbs were not clinically significant. In addition, the validity for isolating SA and MT strength has not been established. Therefore, recruitment of other musculature was likely during testing. For example, the data reported for SA strength could be influenced not only by the serratus anterior but also by the pectoralis major.
Practical application
Overall, it does not appear that clinical measures of scapulohumeral muscle strength and endurance is clinically different for the dominant and non-dominant limbs in a general middle age healthy population. Therefore, using these methods, comparing strength measures bilaterally for the MT, SA, and LT is valid among healthy individuals in this population. In addition, the normal data reported could be used by clinicians to compare scapular strength and endurance values to patients with similar characteristics. Future studies are needed to determine the effect of arm dominance on scapular muscle performance with individuals stratified by shoulder activity levels. Research is also needed to validate the described testing procedures.
